Torbangun (Plectranthus amboinicus (Lour.) 
INTRODUCTION
Apoptosis is a mechanism of genetically programmed autonomous cell death to maintain cell homeostasis. Alterations in the genetics of apoptotic regulatory mechanisms may result in an Corresponding author : Nuri Andarwulan Email : andarwulan@apps.ipb.ac.id increase in cell numbers as well as the preservation of genetically abnormal cells which begins the process of tumorigenesis (Elmore, 2007) . There are two main pathways of apoptosis. The first is the extrinsic known as death receptor pathway, and the second is the intrinsic known as mitochondrial pathway. Both pathways are interrelated and molecules on one pathway could affect Traditional Medicine Journal, 22(1) , 2017 the other. The pathways unite on the same terminal i.e. execution pathway which is initiated by caspases activation and subsequently caused by DNA fragmentation, degradation of proteins within the cell, the formation of apoptotic bodies, expression of ligands for immune system receptors and ultimately uptake by phagocytic cells (Elmore, 2007) . Various anticancer agents and therapy heavily depend on apoptosis to kill breast cancer cells (Simstein et al., 2003) .
Torbangun (Plectranthus amboinicus (Lour.) Spreng) is a medicinal plant that has been traditionally used in China, India, and Brazil to cure various illnesses (Brandao et al., 2013; Chiu et al., 2012; Gurgel et al., 2009; Kaliappan and Viswanathan, 2008) . In Indonesia, the plant has been consumed for breast milk stimulant by Bataknese women for hundreds of years (Damanik, 2009) . Bioactive compounds from the plant are reported to have anti-tumor activity against Sarcoma-180 and Ehrlich ascites carcinoma (Brandao et al., 2013; Gurgel et al., 2009) , human hepatocellular carcinoma HEPG2 and breast cancer MCF-7 cell (El-hawary et al., 2012; Hasibuan, 2013; Thirugnanasampandan et al., 2015) . The previous studies, however did not identify the compounds that responsible to the activity and the possible intracellular mechanism was also yet to be explored. Therefore the aim of this study was to identify the active compounds in the selected fractions of P amboinicus plant extract which have an effect on the apoptosisrelated genes expression of breast cancer cell MCF-7.
MATERIALS AND METHODS

Origin and The Preparation of The Plant Fractions
Chloroform fraction of Plectranthus amboinicus (Lour.) Spreng used in this study was originated from our previous work (Yulianto et al., 2016) . P amboinicus plants were planted in Leuwikopo experimental garden of Bogor Agricultural University (Figure 1 ) and the specimen of the plant has been authenticated by The Research Center for Biology, Indonesian Institute of Science (LIPI Bogor-Indonesia). Briefly, the plant leaves were harvested, lyophylized, and extracted with ethanol 80 % using combination of maceration and sonication. The ethanolic extract was then fractionated using manual liquid-liquid sequential solvent extraction based on the method by (Maser et al., 2015) resulting in 4 fractions including hexane, chloroform, ethyl acetate and water fraction. The chloroform fraction was selected because the fraction showed the highest activity on inhibiting the viability of MCF-7 (data not shown). In this study we used two different concentration, 1.6 µg/ml and 0.6 µg/ml where the first concentration came from the IC50 value (concentration to inhibit 50% of cell viability, based on our previous work) while the second concentration was equivalent to the IC25 value (concentration to inhibit 25% of cell viability).
MCF-7 Cell Culture
Human breast cancer MCF-7(ATCC ® HTB-22 TM ) cell was kindly provided by The Laboratory of Microbiology and Immunology, Primate Research Center, Bogor Agricultural University. MCF-7 cells were grown in RPMI 1640 (SigmaAldrich) supplemented with 10 % fetal bovine serum (Gibco), 50 IU/ml penicillin and 50 ng/ml streptomycin (Gibco) and incubated at 37 o C in a humidified 5 % CO2 atmosphere (Yulianto et al., 2016) . Cell morphology observation using Hoechst 33342 nuclear staining MCF-7 cells were seeded in 8 well chamber slide containing RPMI 1640 with the concentration of 5 x 10 3 cell/well and incubated for 24 h at 37 o C in 5 % CO2. The media was replaced with fresh medium containing selected P amboinicus fraction (Chloroform fraction at concentration of 1.6 µg/ml and 0.6 µg/ml). After 48 h of incubation, the media were removed from the chamber and washed 3 times with PBS (Dulbecco's PBS, Gibco). The cells were fixated by the addition of 250 µl of 10 % formaldehyde in each well and held for 1 h. The formaldehyde was removed and washed with PBS 3 times. About 250 µl of Hoechst 33342 solution (Invitrogen) was added to each well and incubated at 37 o C for 1 h. The Hoechst solution was removed and washed 3 times with PBS and dried at room temperature. Cell nuclear morphology was observed under fluorescence microscope (Nikon Optivat-2) and the cell pictures were taken by using Dino Eye software (AnMo, Taiwan).
Apoptosis-related gene expression analysis using quantitative real-time PCR MCF-7 cells were seeded in 6 well plate containing RPMI 1640 with the concentration of 5 x 10 5 cell/well and incubated for 24 h at 37 o C under 5 % CO2. The media was replaced with fresh medium containing P amboinicus chloroform fraction at concentration of 1.6 µg/ml and 0.6 µg/ml. After 48 h of incubation, the cells were harvested and stored below -20 o C until subsequent process. RNA was extracted from the cell pellets using RNeasy mini kit (Qiagen) with the procedure according to the manufacturer. The RNA concentration was determined using Nanodrop RNA measurement.
Quantitative real-time PCR were conducted using 100 ng/µlRNA samples and Master Mix in 20ìl reaction volume using KAPA SYBR® FAST Bio-Rad iCycler TM One-Step qRT-PCR Kit (KAPA Biosystems). Real-time PCR reactions were conducted in duplicate with the following running program: 42° C for 5 min (reverse transcription), followed by 95° C for 3 min (enzyme inactivation), and continued with 35 cycles of denaturation (95° C for 3 seconds) and annealing/extension/data acquisition (for 30 seconds at the genes optimum annealing temperature, each gene used different optimum annealing temperature). Controls without RNA template were used as the control for all primers which were also done in duplicate. The genes observed including Bax, Bcl-2, p53, p21, Caspase 9, Caspase 7, and Caspase 1. Result analysis was calculated using delta-delta CT (Livak method) which normalized using ACTB gene (Livak and Schmittgen, 2001 ).
Lc-Ms Analysis to Identify the Bioactive Compound
Samples were subjected to LC-MS analysis. LC-MS system and the condition are similar to the study by (Maser et al., 2015) . The identity of the compound was predicted based on fragmentation pattern of the mass spectra compared to literature.
Statistical Analysis
Data of gene expressions were analyzed with One way ANOVA (SPPS Version 21) followed by Duncan's Multiple Range Test.
RESULTS AND DISCUSSION
Cell morphology
Apoptosis can be identified by observing cell morphology since the programmed cell death is characterized by its distinct morphological characteristic (Elmore, 2007) . Hoechst 33342 dye can bind to nuclear DNA so the entire nuclear material is stained to allow identification of apoptotic nuclei (Whiteside et al., 1998) . The result of the cell morphology observation showed that treatment of the cell with the plant fraction at all concentration lead to cell shrinkage (Figure 2) . In this phase, the cells are getting smaller in size, the cytoplasm is denser and the organelles are more tightly packed. The key feature of apoptosis i.e. chromatin condensation was observed hence confirm apoptosis in this study. During chromatin condensation, the electron-dense nuclear material aggregates peripherally beneath the nuclear membrane or can also break the membrane to form dense nuclei (Elmore, 2007) . The observation of cell morphology using electron microscope in this study, however did not measure the degree of apoptosis. We confirm that the cell has undergone apoptosis qualitatively due to the treatment, but we could not compare the percentage of the apoptotic cell between the different concentrations quantitatively. Therefore it is suggested to use additional methods such as flow cytometry to achieve the quantitative data for future experiments.
Apoptosis-related Genes Expression
This study mainly focused on the intrinsic pathway of apoptosis which involved a nonreceptor mediated stimuli producing signals that act directly on target within the cell. The events are initiated in mitochondria where a bioactive compound can create stimulation to alter mitochondrial membrane permeability lead to the release of pro-apoptotic proteins such as cytochrome c into the cytosol. The events are regulated by members of Bcl-2 family proteins including pro-apoptotic proteins such as Bax, Bak, Bad, Bcl-xs and Nip3; and anti-apoptotic proteins such as Bcl-2, Bcl-xl, Mcl-1 and Bfl-1/A1 (Simstein et al., 2003) . The result of real time PCR showed that the mRNA expression of anti-apoptotic Bcl-2 gene was up-regulated as the effect of chloroform fraction (Figure 3 ). Higher concentration creates a higher level of mRNA expression. On the contrary, the pro-apoptotic gene Bax was not affected by the treatment. In line with our result, a study by (Burmistrova et al., 2013) reported that increased expression of protective mitochondrial protein Bcl-2 and Bcl-xl in human tumor cell lines did not prevent the cytotoxicity induced by abietane diterpenoids being tested. Regarding the unaffected pro-apoptosis Bax gene expression, (Chipuk et al., 2003) explained that a tumor suppressor protein p53 may alter mitochondrial membrane permeability and hence induce apoptosis by direct stimulation of BAX protein in the mitochondria without transcription of any apoptosis-related genes.
Apart from being a tumor suppressor protein, p53 also acts as a transcription factor which responsible to activate expression of a number of target genes contributing to various biological effects such as apoptosis and cell cycle arrest (el-Deiry, 1998) . The result showed that chloroform fraction significantly increased mRNA expression of p53 and p21 genes at higher concentrations (Figure 3 ). Molecule p21 (also known as p21 WAF1/Cip1 ) is a kinase-dependent inhibitor which functioned as a promoter of cell cycle arrest in response to various inductions (Abbas and Dutta, 2009; Weiss, 2003) . Up regulation of p53 and p21 genes by the chloroform fraction indicated that the bioactive compound can induce apoptosis in MCF-7 cells through a pathway involving p53 and p21 molecules. The present results are in accordance with some previous studies. Protein p53 and p21 expression were up-regulated in the apoptosis induced by withaferin, a steroidal lactone occurring in Withania somnifera (Zhang et al., 2011) . Expression of p53 protein is increased in the apoptosis induced by 17-B estradiol analogue (Visagie et al., 2015) , Anthraquinone derivative increased p53 protein expression and p21 gene expression which subsequently affect the downstream genes such as PLK1 and FOXM1 and hence contributed to the G2/M arrest of the cell and ultimately cause apoptosis (Yeap et al., 2015) .
After the treatment of chloroform fraction, mRNA expression of initiator caspase (caspase 9) and executor caspase (caspase 7) were increased at both concentration of 1.6 µg/ml and 0.6 µg/mland the degree of increments were dose dependent (Figure 3) . The torbangun plant fraction treatment also activates caspase 1, a member of inflammatory caspase. Caspase 1, formerly named as interleukin-1â converting enzyme (ICE) was reported to be the key player in Tumor necrosis factor alpha (TNF-á) and Fas ligand (FasL)-induced apoptosis (Chin et al., 1997) . Apoptosis pathway involving transmembrane receptor such as TNF is considered as extrinsic pathway (Elmore, 2007) . Activation of caspase 1, however, may not be the result of a downstream signal from TNF-á and FasL since the ligand is very specific to immune cells derived antibody (Ashkenazi and Dixit, 1998) . Instead, it might be due to crosslinking interaction between the molecules in the extrinsic pathway and the molecules within the intrinsic pathway such as p53 (Sprick and Walczak, 2004) . The result of this study revealed that apoptosis induced by torbangunchloroform fraction utilized both intrinsic and extrinsic signaling pathway.
Based on above results, we proposed a pathway of apoptosis induced by bioactive compounds in chloroform fraction of torbangun plant extract (Figure 4) . Compounds from chloroform fraction infiltrate the cell membrane to target p53. The activated p53 may subsequently induce transcription of pro-apoptotic genes such as caspase 9 and caspase 7 as well as p21. In addition, p53 may also directly influence the mitochondrial membrane permeability to release pro-apoptotic proteins and hence resulting apoptosis. This may be one of the reasons why increased expression of anti-apoptosis Bcl-2 gene and decreased expression of pro-apoptotic Bax gene could not prevent the cell from apoptosis.
Bioactive
Compounds of Plectranthus amboinicus Fractions
The chemical profiles of the chloroform fraction used in this study were analyzed by injecting the samples into the LC-MS system using gradient elution. The chromatogram of the chloroform fraction is presented in Figure 5 . The polarity of the mobile phase gradually changed from polar to non polar and achieved its maximum at the 6 th minutes and subsequently returned to its initial polarity. Therefore, the peaks generated within the retention time of 1-6 minutes are considered as the chemical profile of the samples. The compounds started to be eluted after 3.5 min and tend to be grouped towards the later period of retention time, hence confirm that the compounds are non polar ( Figure 5 ).
Predicted compounds of the fraction listed in Table 1weredetermined based on mass spectral data analysis compared to the literature. Some compounds are presented in chloroform fraction such as forskolin J, betulin, coleon U quinone, horminone, lanugone B and 7á-acetoxy-6â-hydroxyroyleanone. Most of the predicted compounds have been previously recorded from genus Plectranthus (Abdel-Mogib et al., 2002; Lukhoba et al., 2006) . Forskolin is a labdane diterpenoid which is found in P. Barbatus (Lukhoba et al., 2006) . Forskolin is well known as an activator of cAMP-dependent protein kinase A signaling pathway which could have anti cancer properties (Huang et al., 2005) . The earlier study, however, reported that forskolin weakly inhibited MCF-7 cell proliferation (Melck et al., 1999) . (Rasikari, 2007) Coleon U quinone has been found in P. forsteri 'Marginatus' Benth and reported to showed antifeedant and antibacterial activity (Wellsow et al., 2006) . A diterpene horminone which isolated from the Chilean Lamiaceae Schacele chamaedryoides (Balbis) Briq was reported to have gastroprotective effect in mice model and cytotoxicity against gastric adenocarcinoma cells in vitro (Areche et al., 2009 ). Lanugone B is a royleanone diterpenoid found in P. lanuginosus also has been isolated from P. barbatus (AbdelMogib et al., 2002; Lukhoba et al., 2006) . Betulin has shown anti cancer activity against various cancer cell lines such as neuroblastoma, breast, lung, colon carcinoma with the mode of action through altering tumour cell morphology, lowering the cell motility and inducing apoptotic cell death (Rzeski et al., 2009) .
The most principle compound in chloroform fraction is 7á-acetoxy-6â-hydroxyroyleanone based on the peak size in the chromatogram. The abietane diterpene 7á-acetoxy-6â-hydroxyroyleanone has been previously isolated from P. grandidentatus Gurke and reported to possess strong anti-proliferative activity against various human cancer cell lines including MCF-7, NCl-H460, SF-268, TK-10, and UACC-62 (Burmistrova et al., 2013; Marques et al., 2002) . By knowing the bioactive compounds of the fraction which responsible for the apoptosis inducing activity, may give basic information prior to the development of this herbal plant as a potential candidate for therapy of cancer.
CONCLUSIONS
The morphology of apoptotic cells, such as cell shrinkage and chromatin condensation was clearly observed. Bioactive compounds in chloroform fraction induce apoptosis by the role of p53 as transcription factor and tumor suppressor protein. Increased expression of anti-apoptotic gene Bcl-2 could not prevent the cells from apoptosis. The expression of pro-apoptotic genes was increased at concentration-dependent manner. Most of the compounds in the chloroform fraction are identified as diterpenoids which may contribute to the apoptosis inducing the activity of the fraction.
